FOOD CHOICES IN EATING DISORDERS
It is commonly believed that anorectic women reject starchy, fattening foods and avoid all carbohydrates, particularly sugar. In reality, dietary intakes in anorexia nervosa can be highly variable. Anorectic patients show many idiosyncratic food choices that may include vegetarianism, avoidance of red meat dishes, and abstinence from some dairy products, sweets and d e s~e r t s .~. ' . '~.~~ According to some reports, anorectics are willing to eat vegetables, lettuce, fresh fruit, cheese, and sometimes eggs, but avoid carbohydrates and are disgusted by milk and meat. 3, 8 While some anorectic patients eat diets lacking in basic nutrients, others consume a balanced diet, choosing to restrict calories by eating irregularly, or by severely restricting intake at each Although many anorectics seem to consume mostly vegetables and fruit, the macronutrient content of the typical anorectic diet is open to question. Early studies of hospitalized patients' revealed a mean intake of 1,031 kcal/day, with carbohydrates providing only 33% of total daily calories, fat providing 49%, and protein 18%. However, another studylo based on %-hour food recalls reported that anorectic patients ate a normal amount of carbohydrate but ate significantly less fat than normal-weight controls.
Anorectic patients often allow themselves to eat only healthy or nutritious foods, and avoid foods perceived as high in calories or rich in fat.z3,z4 However, such caloriedense foods are often the mainstay of eating binges, often defined as the ingestion of large amounts of easily digestible, high-calorie foods consumed in a short space of time.26 Some investigators have argued that all binges consist of carbohydrate-rich foods, consumed by bulimic women in an attempt to rectify underlying abnormalities in serotonin m e t a b o l i~m .~~ However, as dietary assessment studies show, the macronutrient content of eating binges can again be highly variable.
According to some clinical reports, typical binge foods were bread, cakes, chocolate, yogurt, or cottage c h e e~e .~ The patients were reported to eat up to 7 lb of food and the magnitude of an eating binge was estimated at 15-20,OOO kcal. More recent studies have estimated an average binge at 3,415 kcal (range 1,200-11,500 cal) consumed within 1.2 hours.28 Observations of hospitalized bulimic womenz9 placed the average amount eaten per binge at 4,394 kcal (range 1,4364,585 kcal), and mean binge duration at just under one hour.
The chief binge foods seem to include ice cream, bread, candy, doughnuts, soft drinks, salads and sandwiches, cookies, popcorn, milk, cheese, and cereal.z8 Bulimic patients monitored in a hospital setting mostly consumed doughnuts, pies, sandwiches, chocolate candy, and carbonated beverage^.^^ In contrast, eating bouts not classified as binges included salads, vegetables and fruit, and diet soft drinks. According to some reports, eating binges typically included high fat, moderate carbohydrate, and lowprotein f o~d s .~' .~~ Other studies estimated binge composition at approximately 50% carbohydrate, 40% fat, and 10% However, none of the studies distinguished between complex carbohydrates and simple sugars: It is likely that some binges are high in sweet, sugar-rich foods.
Although many binges do include dessert-type foods, the notion of what constitutes a binge may be highly subjective. Eating episodes that include snacks or desserts are often described as binges: The consumption of forbidden sweet foods is typically associated with guilt, anxiety, and a desire to orn nit.^' In contrast, meals consisting of vegetables and fruit may not be seen as binges. Self-reports of binge-eating may therefore be subject to attitudinal bias: reported binge frequency may be influenced by what was eaten rather than how much.
Furthermore, bulimic women are not the only group binging on carbohydrate-type snacks. College students who binged made comparable food choices, snacking on pastries, breads, and cookies, as well as other "junk food" items, including salted snacks, pretzels, or potato chips.3z Quite simply, many commercially available, prepackaged snacks tend to be high-carbohydrate foods that are also high in fat content. Snacking on protein-fat combinations was mentioned less often: Some college men but no women reported binging on hamburger^.^^ It should also be noted that many snack-type foods tend to be mixtures of only two ingredients: sugar and fat. Although chocolate, cookies, or ice cream are generally regarded as high-sugar and therefore carbohydrate-rich foods, most of their calories are derived from fat rather than ~arbohydrate.~~ Moreover, the chief carbohydrate present is simple sugar. The nutritional content of selected "carbohydrate-rich" snacks is summarized in TABLE 1. It can be seen that fat and sugar are the principal ingredients, accounting in some cases for up to 98% of snack calories.
PHYSIOLOGICAL ASPECTS OF EATING BINGES
Several investigators believe that eating binges are triggered by physiological events. According to some clinical studies, patients seemed to know that a binge was imminent, and there are reports of buying, hoarding, and preparing foods.34 Binges typically occurred during the early afternoon or evening, and reported precipitating events included tension, being alone, craving specific foods, thinking of food, or actually eating something.34
The taste of food may play a central role in binge-eating behavior. Bulimic patients report that they eat too quickly during a binge to taste anything.34 However, all patients feel that the taste and texture of food is important, at least at the beginning of the binge. Often the foods of choice are soft, milky, fluid foods that have connota- tions of high caloric density, satisfaction, and satiety." The drinking of noncaloric soft drinks and eating softer foods (e.g., ice cream) toward the end of a binge may also facilitate vomiting, which is usually planned ahead of time.
TASTE-RESPONSIVENESS STUDIES
Clinical studies on eating disorders have only recently begun to focus on the interaction between nutritional status, taste responsiveness, food preference, and diet selection.14.15 Among clinical features of anorexia nervosa, some of which are secondary to malnutrition, are endocrine abnormalities, reduced basal metabolic rat% hypokalemia, and impaired regulation of water b a l a n~e .~~'~~~ Protein and carbohydrate metabolism is said to be relatively preserved, and fasting blood glucose and insulin levels are lownormal or low. Abnormalities in lipid metabolism include hypercholesterolemia, and elevated P-hydroxybutyrate and plasma free fatty acid levels.3s Because anorectic patients often take vitamin and mineral supplements, zinc, copper, iron, and folk acid have been reported as normal in some studies but not in others. 16*36 The number of studies on taste psychophysics in anorexia nervosa has been very limited. One study systematically examined the role of trace metals, vitamins, and other biochemical parameters in relation to taste
The majority of anorectic patients had subnormal taste acuity for sour and bitter substances; taste acuity for salt and sweet was less disturbed. However, taste recognition scores failed to correlate with plasma zinc levels.36 In a more recent study examining responses to the four basic tastes, a majority of women with anorexia or bulimia nervosa showed evidence of hypogeusia or dysgeusia. l6 Taste functioning improved substantially following weight regain to more than 85% of normal body weight. Although serum zinc and iron of eating disorder patients were depressed, they again failed to correlate with taste recognition and dysgeusia scores. l6 Normal-weight bulimic patients show little evidence of nutritional trauma, and carbohydrate metabolism is largely intact.g However, potential medical complications of binging and vomiting include electrolyte imbalance, erosion on the lingual surfaces of maxillary anterior teeth, pulp exposure, and swollen salivary glands. The consumption of sweet snacks, reduced buffering capacity of saliva, and low oral pH may lead to increased incidence of dental caries.I9 Recent studies of anorectic and bulimic women1* showed lower magnitude estimate scores for the four basic tastes. The effect was most pronounced for hydrochloric acid, suggesting an impaired gustatory sensitivity for sour. Studies with normal-weight bulimics show a definite loss of sensation in sour receptors on the soft palate: Reflux of vomit damages taste receptors in this area. Taste distortions may be the consequence of chronic vomiting in bulimia nervosa.
TASTE HEDONICS: SUGAR AND FAT
Studies on hedonic aspects of taste responsiveness in anorexia and bulimia nervosa have focused on sensory perception and preferences for sugar and fat.15,37 The subjects were young women with a diagnosis of anorexia nervosa (restrictor), anorexia with bulimia, and bulimia nervosa, as well as a volunteer group of normal-weight controls. As summarized in TABLE 2, all clinic patients were tested twice, before and after dietary treatment and a substantial gain in body weight. The stimuli were 20 different mixtures of milk, cream and sugar, containing a range of sugar (0-20% sucrose) and fat levels (0-52qo fat). The subjects followed the standard sip-and spit technique and were asked to rate the perceived intensity of sweetness, fatness, and creaminess of the stimuli. They also assigned an overall hedonic preference rating to each ~a m p l e .~~-~O No deficiencies in taste perception for these suprathreshold stimuli were observed between anorectic and bulimic women and normal-weight volunteer controls. Intensity estimates of sweetness and fat content increased as logarithmic functions of sucrose or fat concentration, and no differences in sensory evaluation were observed between patients with eating disorders and the comparison group. These data complement previous studies on taste perception in human obesity, where no differences in sweetness perception were observed between normal-weight, obese, or dieting individual^.^' It should be noted that this study involved the perception of recognizable sweet stimuli, and combined sweet taste perception with oral sensory evaluation of stimulus texture.
Significant differences between subject groups were observed in hedonic preference scores for mixtures of sugar and fat. Anorectic restrictor and anorectic bulimic patients showed elevated preferences for sweet taste and sharply reduced preferences for the oral sensation of fat relative to the comparison group. Stimulus optimization procedures involving the response surface method (RSM) determined that eating disorder patients optimally liked stimuli containing 16.5% fat and 12.7% sugar. In contrast, control subjects preferred stimuli that were richer in fat (28.7%) but were somewhat less sweet (9.1% sucrose). Three-dimensional projections of the hedonic response surface, and the corresponding isohedonic contours are shown in FIGURE 1.
Hedonic responsiveness as measured by the optimally preferred sugarlfat ratio was negatively correlated with the subjects' body fatness -as measured by the body mass index (wt/ht2). The most underweight subjects showed the highest sensory responsiveness to sweet taste. However, body weight is not the only factor influencing taste responsiveness. A recent study has shown that normal-weight bulimic women presented with samples of sweetened soft, dessert-type white cheese preferred stimuli that were sweeter but lower in fat content than those selected by normal-weight female
TASTE HEDONICS AND BODY WEIGHT
The hedonic response to sweet taste has long been regarded as a useful index of metabolic status or physiological "~et-point."~' Calorie-deprived subjects maintaining body weight below set-point by virtue of constant dieting are expected to find sweet solutions extremely pleasant, a finding reported in some studies, though not in other^.^^,^^
The present finding that underweight subjects show elevated preferences for sweet taste seems consistent with the set-point hypothesis. However, as seen in FIGURE 2, this pattern of response remained stable even following six to eight weeks of dietary therapy and weight regain to target levels. I6 Optimally preferred levels of sugar and fat were approximately the same both before and after weight regain, as summarized in TABLE 3. One potential explanation for this stability of taste response is incomplete clinical recovery. Physiological or neuroendocrine impairments often persist following the recovery of body weight and the taste response may be equally slow to adjust.16 Other investigators have also observed that affective responses are surprisingly resistant to changes over time.44 Neither weight gain16,44 nor moderate caloric restriction and weight have been linked with significant changes in preference for sweet taste. Measures of hedonic response to sweetness following the consumption of an intensely sweet preload have also failed to reveal significant changes in sweet preference following gains or losses in body weight. In one early anorectic women showed slightly elevated preferences for sweet taste relative to controls following the consumption of a 400-kcal meal. However, elevated preferences for sweet taste were also ob- served in a follow-up study conducted with the same patients one year following the regain of target body weight.44 Similarly, studies on obese persons failed to show differences in satiety aversion to sucrose between underweight, normal-weight, and overweight person^.^*.^^ It may be that the pleasure response to sweet taste is not a reliable measure of distance from set-point as indexed by fluctuations in body weight. Individual profiles of taste responsiveness appear to be a stable trait that is resistant to short-term shifts in body weight.
CENTRAL MECHANISMS
Taste responsiveness may be linked to indices of metabolic status other than body weight. The relationship between serotonin metabolism, affective disorders, and carbohydrate craving in bulimia has been proposed by a number of previous studie~.'~~" It should also be noted that neuroendocrine dysfunctions and deficits of hypothalamic-pituitary regulation of the adrenal axis may persist for months following weight regain.47 Both have been linked with altered food preferences and diet choices. Elevated endogenous opioid levels in anorexia nervosa and b~l i m i a~.~~ have in some cases been reported to decline following weight regain.
The relationship between opioid peptides, the pleasure response to sweet taste and uncontrollable binges on sweet foods offers a new and promising avenue of research. Studies on laboratory animals have linked endogenous opioids with nutrient selection, eating behavior, and obesity in both rats and m i~e .~.~~ Opioid peptides are known to mediate the biological response to stress and are thought to modulate the pleasure response to ~weetness.~' Dieting anorectic and bulimic patients have been reported to show elevated levels of B -e n d~r p h i n~~ and elevated preferences for the taste of sweet solutions. 1638 It remains to be seen whether taste responsiveness mediates the presumed link between physiological factors, bulimic episodes, and the selection of sweet foods during a binge.
tures, there are the odor-producing chemicals in them that might be the most important component. Have you any thoughts on that?
DR. ADAM DREWNOWSKI (University of Michigan, Ann Arbor, MI): Yes, it is very important. In milk you have esters and lactones, and you have the volatile components. Of course it gets much richer if you are dealing with solid fat, shortening, oils, and so on. In this particular set of studies, we did not use nose clips or any other ways of removing sensory cues other than taste or texture. Dr. Rose Marie Pangborn has done studies like that, and there are weak cues from odor. However, we wanted to have natural conditions and have subjects taste the stimuli under such conditions as they normally would eat sugar and fat foods. But in some cases, I should note, the actual odors in fats are really not all that pleasant. In fact because of the odor, there may be an aversion to specific types of fats in those combinations of sugar and fat. It's a very good point.
DR. BARBARA ROLLS (Johns Hopkins Universitx Baltimore, MD): In your fat preference, obviously, viscosity could be a factor, and I know you have thought about that.
I am wondering if we know anything else about texture in relation to eating disorders. I understand texture is an important factor in influencing intake in anorectics and bulimics.
DR. DREWNOWSKI: Anorectics often seem to subsist on a diet of what they call safe foods that seem to be mostly crunchy vegetables. However, many bulimic binges specifically include soft, creamy semi-solid foods, and one of the reasons that has been mentioned is that such foods may facilitate vomiting after the binge. Toward the end of the binge, texture of the food sometimes changes. There is a great deal of drinking of diet sodas and patients eat softer foods. So it is possible that while taste may be the initial stimulus, the texture of foods also plays a role.
